The Antarctic continent and the regions surrounding it are the coldest areas of the earth. On the islands immediately off its coast and on the mainland itself, with the exception of the Palmer Peninsula, there are no trees, and only lichens, mosses, and the lower orders of plants and animals are able to grow. The only higher forms of life which can be observed are the various species of penguins which subsist on marine animals, the skua which parasitizes the penguin young and eggs, and several other species of birds, many of them migratory and, thus, seasonal. In all cases, the sea plays the dominant role in the food cycle of these animals.
Despite the lack of higher forms of strictly terrestrial life, many different types of plants and animals are able to maintain life and reproduce under these rigorous environmental conditions. In the McMurdo Sound Area, mosses (Cardot, 1907) , lichens (Darbishire, 1910) , and various species of green and blue-green algae (Fritsch, 1912; Flint and Stout, 1960) , as well as rotifers and water bears (Murray, 1909) , have been observed at various times.
Since bacteria are very important and necessary participants in all food cycles, they are usually found in the sea as well as on the land. In Antarctic regions, marine bacteria have been studied by Tsiklinsky (1908) , Ekelof (1908) , and Gazert (1912) , and more recently by Bunt (1955) .
Several studies of the terrestrial microflora have also been carried out. One of the most extensive of the earlier works was done during the Swedish Antarctic Expedition of [1901] [1902] [1903] by Ekelof (1908) , who found a significant number of bacteria in the soils of the Snow Hill Islands of the Palmer Peninsula (Graham Land) and also observed a significant rise in the number during the summer. Many species common to temperate regions were collected during the Second Byrd Antarctic Expedition from various areas near the base at Little America (Darling and Siple, 1941) , and some isolates from a sample collected in the McMurdo Sound area have also been described (Flint and Stout, 1960) . Boyd and Boyd (1962) contain rocks primarily made up of granites, gneisses, and dolomite.
The average mean temperature of this region is -17 C with extremes of -49.4 and 4.4 C (S.C.A.R., 1959 ). Annual precipitation for the whole continent in terms of water equivalent is approximately 10 cm (Wexler and Rubin, 1961) . Therefore, Antarctica as a whole and Ross Island specifically can be classified as a desert region. The mean annual wind velocity is 6 m per sec, with extremes of 43 m per sec (S.C.A.R., 1959) , and these conditions help to maintain arid conditions through evaporation. Dead penguins, for example, may become desiccated prior to or during decomposition. In many areas such as Hut Point, there are heavy concentrations of Na2SO4, and in other regions CaCO3 may also be found.
Vegetation, composed of lichens and mosses, can be found in certain areas but most of the island is bare. There are numerous ponds, which contain algae and the smaller animal forms.
Three different "soil" sites on Ross Island were used for sampling on a weekly basis during the course of this study. At Cape Royds a penguin rookery was selected as one area, since, for a part of each year, organic matter in the form of guano was added. An area far enough away from the rookery to prevent undue contamination was chosen as the second site, although with numerous skua flying around, some organic matter was probably added from time to time. In both areas, no vegetation was present. The third site was an area above McMurdo Sound which supported the growth of mosses and lichelns. Additional areas which were sampled are described in the text.
Sampling plots of approximately 100 ft2 were set up in IL ORGANISMS 117 each of the three areas described above. Once each week two samples near the surface at a depth of 5 to 10 cm were collected. This depth was also used in obtaining samples from other areas. The air and soil temperatures were taken at the time of sampling, using conventional mercury thermometers along with a Westar dial thermometer. All of the areas had been blown free of snow before this project was initiated. Dilutions of the samples were plated in triplicate, using nutrient agar (Difco), and were incubated prior to counting at 55 C for 24 hr, at 20 to 22 C for 5 days, and at 2 C for 14 days. Plates were also poured with Sabouraud Dextrose Agar (Difco), Thornton's standardized medium (Allen, 1951) , and ferric ammonium-citrate-nitrate medium (Allen, 1951) and were incubated at 20 to 22 C for 5 days. Samples plated with Desoxycholate Agar (Difco) were incubated at 35 C for 24 hr. All other media used for isolating or characterizing microorganisms were those described by Allen (1951) .
Soil metabolic activity studies were carried out using the procedure given by Allen (1951) , although ammonianitrogen was analyzed using the procedure described by Umbreit, Burris, and Stauffer (1957) , and nitrate and nitrite-nitrogen were determined by the method of Mullin and Riley (1955) . Chemical analysis of the soil samples was carried out using a Hellige-Truag Combination Soil Tester (Hellige, Inc., Garden City, N.Y.).
RESULTS AND DISCUSSION
Seasonal changes in the numbers of microorganisms. It can be seen that bacteria are present in some antarctic soils ( Fig. 1 ). Of the three soils which were sampled on a weekly (Shackleton, 1909) , had the highest counts and also a high and significant amount of ammonia derived from the organic matter which was present. Hut Point, near the present MIcMlurdo base, although used as a storehouse for Scott's 1901 -1904 (Scott, 1905) and the later expedition of [1911] [1912] (Scott, 1923) , had fewer bacteria Molds. The number of molds in all the samples were determiined by use of Sabouraud Dextrose Agar. In general, most of the soils were devoid of molds, although they were usually present in significant numbers where known contamination from exogenous sources had occurred, suggesting that animals might contribute to the mycotic flora of some of these soils. High mold counts were found in soil 3 at MIcMlurdo Sound, which supported the growth of nmosses and lichens, but not soils 4 and 5, where these plaints also grew. The samples from Marble Point were collected near the base of the Wilson Piedmonit Glacier in an area where some mosses were found but where the primary vegetation consisted of a heavy algal felt left over from previous growing seasons. In all other areas sampled, no molds were found.
Physical and chemtical factors of the soil environm)ient. There are many factors both chemical and physical which influence and, in some cases, limit the growth of microorganiismns and other living systems. In polar regions, probably one of the most important environmental factors is temperature. For most of the year, the temperature is below zero, and it is only for a short period of time that the soil remains thawed so that plant growth of all types can occur. It can be seen that some reproduction of microorganisms takes place in antarctic soils and that temperature plays an important role in influencing growth (Fig. 1) .
Another important aspect of plant growth in these regions is available moisture. The precipitation is slight, anid much of the sInow is blowin free in areas where plant growth is possible. Evaporation also occurs at a significant rate owing to wind action, and it is not uncommon to see salts of various types concenitrated on the surface of the soil. Dead chicks in penguin rookeries usually dry out before decomposition takes place. The ponds of this area are also surrounded by mats of dried algal felt, which accumulates over several growing seasons. Therefore, like deserts of temperate regions, low moisture content may also be an important factor in the ecology of these regions. High osmotic pressures, especially in penguin rookeries, should also be a factor in limiting growth of some species.
The soils varied to some extent in chemical composition ( Table 2 ). The hydrogen ion concentration in most cases was around pH 8, the only exceptions being the rookery soil at Cape Royds, which was lower due, probably, to the uric acid present in the urine of penguins, and one of the soils at the McMurdo station, which had been recently contaminated with sewage.
Many of the soils were high in soluble salts, such as sulfate and chloride, to the extent that the growth of plants, even under temperate conditions, would be restricted. Extremely high concentration of chloride may be the reason why vegetation and possibly microbes are now extinct in the Lake Bonney and other regions of the Taylor Valley and in soil 1 of Cape Royds, which has both a high chloride and sulfate concentration. None of the soils contained soluble nitrates, although almost all of them were found to have ammonia present, which may also limit growth to a certain extent, since nitrate is a more readily available form of nitrogen than ammonia.
It is quite possible that, with proper fertilization, many of the soils which were sampled could be made to support more extensive growth of mosses and lichens, and possibly some higher plants as well.
Nitrogen mnetabolismn oJ the soil microflora. Mlembers of the Azotobacter genus were found in the rookery soil at Cape Royds, in an old rookery described by Shackleton (1909) , and also in small ponds at McMurdo Sound and at Cape Evans. These data were confirmed by the results Table 3 . As would be expected, soil 1 from Cape Royds was negative for all of the reactions tested, since this soil was sterile most of the time under the conditions of this study. Ammonification occurred in the other two soils. Temperature played a very important role, since more was produced at 22 C than at 2 C or when the bottles were covered with soil and incubated outside. Some ammonia was produced also in soil 2 and, therefore, moisture and temperature were very important factors in the rate of breakdown of organic nitrogen to ammonia. Very little nitrification occurred in soil 3, and the other two were negative. Nitrate reduction was observed in both these cases, and the amount found was greatest when the sample was incubated at 22 C. No denitrification was observed.
Distribution of bacterial species. A limited number of species of autotrophs was observed. A variety of green and blue-green algae were isolated from ponds and from soils at their margins. Some of the blue-green algae were capable of growth in a bicarbonate-mineral medium devoid of nitrogen. Attempts were made to demonstrate the oxidation of thiosulfate by members of the Thiobacillus genus by inoculating soils 1 and 2 from Cape Royds and soil 3 t Covered with soil to a depth of 4 to 6 cm and incubated for 5 weeks.
from McMurdo Sound in Starkey's medium (Allen, 1951) with no success after 5 weeks of incubation at 2 C, 22 C, and burial in the soil. However, other participants in the sulfur cycle were observed. In a small pond at Cape Evans where many skua nested, a great deal of organic matter was present in the soil and in the water. The breakdown of organic sulfur by unidentified microbial desulfydrases in early January resulted in concentrations of H2S sufficient in some cases to result in "blooms" of photosynthetic purple bacteria, coloring the pond a dark purple. This phenomenon was also observed by Maher (personal communication) in a pond near the penguin rookery at Cape Adare in January of 1.961. The only species obobserved was Chromatium minutissimum, classified primarily on the basis of size.
In all, 150 heterotrophic isolates were selected at random from plates of the various culture media and brought back to the United States for identification. Among these were a variety of gram-positive rods and cocci and gram-negative rods which were not fully characterized. Some of the cultures resembled yeast in size and in morphology. The species listed below were characterized according to the criteria given by Breed, Murray, and Smith (1957) .
Thermophilic bacteria were present in some of the samples, primarily those taken from areas which had been inhabited by man (Table 1) . Bacillus stearothermophilis was not isolated, but B. coagulans was found in soil at Cape Evans, Cape Royds, and McMurdo Sound. B. licheniformis was the most widely distributed thermophilic species, being present in the areas previously mentioned as well as at Hut Point and in some of the other areas which were studied. The mesophilic, biochemically inert B. sphaericus was found in soil from the Adele penguin rookery at Cape Crozier.
Other gram-positive species were the nonpigmented Micrococcus cryophilis, which was found in various soils from McMurdo Sound and Cape Evans, and a Streptomyces species, which produced a soluble purple pigment, was found in a sample from Crater Hill at McMurdo Sound.
Gram-negative bacteria were also present in many of the soils studied. Although pigmented species were generally not too common in uninhabitied areas, Flavobacterium peregrinum was found in soil from Hut Point. F. solare was isolated at Marble Point on the mainland, and F. diffusum, was present in soil samples taken from Crater Hill, at McMurdo Sound. Nonpigmented species included nonfermenting Achromobacter cycloclastes in soils from Marble Point and Crater Hill and A. liquefaciens from a sample taken at Hut Point.
Other gram-negative species included Pseudomonas fluorescens which was isolated from Shackleton's dump at Cape Royds. P. aeruginosa was present in samples from Cape Evans and Marble Point and was characterized according to the criteria given by Haynes (1951) . P. striata was also isolated from Cape Evans near a nest of skua.
Although most of the soils contained no molds, Penicilt Soil control bottle contained 3,100 jAg of NH3-N/100 nil. lium and Aspergillis species were present in soil 3 from the McMurdo Sound area.
